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The use of hazardous chemicals as a secondary process in glass 
surface modification contradicts the aspirations of Sustainable 
Development Goals. Opting for laser surface texturing, 
hydrophilic soda lime silica glass surface can be transformed 
into a hydrophobic state by manipulating its surface energy. To 
date, findings on the effect of roughness profile on surface 
energy are still limited. This study investigated a facile 
methodology for examining wettability, surface energy and 
surface topography resulting from variations in laser fluence, 
hatch pattern and spacing. The assessment of wettability 
according to ASTM D7490 and ASTM D7334 was conducted 
using distilled water, while surface topography was evaluated 
based on the ISO4287 standard. The sessile drop test reveals 
that samples with a spacing interval of 0.06 mm recorded a 
maximum water contact angle of 96° which equivalent to 26.98 
mJ/m2; resulted in complete transformation into a 
hydrophobic state. Samples with Rz value greater than 23 μm 
generally exhibited lower wettability surface compared to 
pristine glass and promoted lower surface energy. These 
findings are significant for tailoring the roughness profile of 
glass using laser processing technique, which has the potential 
to modify the wettability of glass. 
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1.0 INTRODUCTION 
Surface modification of glass through laser processing has created a new branch of emerging 

research, as this process has shown promising outcomes, especially in terms of surface wettability. 
Non-contact application, fast processing with low-cost operation in a standard working 
environment without concerns for fumes and hazardous gases have demonstrated the advantages 
of this method. The combination of galvanometric features with fast processing speed enables 
high precision in the fabrication of fine complex patterns on the material surface. Current surface 
processing methods such as mechanical polishing, grinding, etching and sandblasting 
have proven to have limitations (Comesaña et al., 2019).  

Laser texturing has been used widely in the surface structuring field to alter the material 
wettability. Numerous studies have focused on metallic materials, exploring how to modify the 
surface wettability to achieve either superhydrophilic or superhydrophobic states (Liu et al., 2024; 

W. Qian et al., 2020; Y. Qian et al., 2023; Yamaguchi & Kato, 2023; Yusuf et al., 2022). Recently, the 
motivation to modify glass wettability has gained significant interest rapidly as new emerging 
technologies evolved. The use of nanosecond laser at an ultraviolet wavelength to produce micro 
and nano-scale structures has proven to change the wettability of glass (Dinh et al., 2020; Jing et 
al., 2022; Najwa et al., 2024; Nategh et al., 2021; Nguyen et al., 2021)  

Despite the development of established methods, the multiple-step processes that require 
hazardous chemicals as a secondary treatment have proven to be a drawback in the 
implementation of these methods (Ding et al., 2020; Dinh et al., 2020; Soldera et al., 2021). 
Wettability reduction can be achieved in several ways, including the development of low surface 
energy on the working material’s surface. Materials with low surface energy enable water 
droplets to retain their surface tension and their spherical shape (Goswami et al., 2021). This 
objective can be achieved by modifying the chemical composition, reducing the surface energy 
and generating microstructures through roughness modification. A review by Jothi Prakash & 

Prasanth (2021) indicated that surface roughness has been one of the profound effects in modifying 
the wettability of a solid surface. Rough topographies related to surface roughness directly affect 
the surface energy and surface chemistry, influencing the water droplet formation and leading to 
changes in the contact angle.  

In terms of surface chemistry, the reduction of polar energy can transform hydrophilic 
surfaces into hydrophobic ones (Ahmad et al., 2018). The usage of fluorine-based chemicals as 
low surface energy agents to induce hydrophobicity was implemented by various researchers 
(Jing et al., 2022; Lin et al., 2018; Ouchene et al., 2023; B. Wang et al., 2017; Yang et al., 2020; J. 
Zhang et al., 2020). However, these low surface energy agents, which act as catalysts can 
contribute to environmental pollution.  

This study aims to investigate a toxic-free process, a single-step method of modifying 
commercial soda lime silica glass through laser texturing. The process evaluates the effect of hatch 
spacing, laser fluence and hatch patterns on surface wettability, topography, surface energy and 
surface chemistry in accordance with established standards. This cost-effective process presents 
interesting possibilities in determining the wetting regime of textured soda lime silica glass, thus 
adapting these recyclable materials into a bigger scope of functional applications.  
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2.0 METHODOLOGY 
 
2.1 Sample Preparation 

Soda-lime glass with a thickness of 1 mm was used as the sample material for this research. 
The glass pieces, measuring 76x25 mm2, are hydrophilic soda lime glass that contains 
the composition listed in Table 1. Before the laser texturing process, the samples were cleaned 
intensively (Figure 1) to prevent contamination on the working surface.  
 

Table 1: Composition of pristine soda lime glass. 
Composition SiO2 Na2O K2O CaO MgO Al2O3 Fe2O3 

Wt% 72.00 14.50 0.3 7.05 3.95 1.65 0.06 
 

The cleaning process involved washing the samples with 99.9% ethanol for 5 minutes, 
followed by a rinse with Isopropyl Alcohol (IPA) and Distilled Water (DW) for another 5 minutes 
with each solution (Bakhtiari et al., 2022; X. Li et al., 2023; Lin et al., 2018; Luo et al., 2023). 
Subsequently, the samples were black-coated to form a thin opaque layer that enhanced laser 
absorption. The samples were left dried at room temperature for 24 hours. Since this research 
work used a Near-Infrared Laser, laser absorption on transparent materials was a key challenge 
in implementing Direct Laser Texturing (DLT), and the opaque coating served as an effective 
solution for the surface modification process (Gao et al., 2022; Mulko et al., 2022; Qahtan et al., 
2017; Z. Wang et al., 2023).  
 
2.2 Laser Processing 

A Near-Infrared Laser operated at 1065 nm wavelength with a maximum pulsed energy of 2 
mJ was utilized in this research. The fiber laser system is a 50-watt laser machine (CK-FB3D50, 
IDITM, Singapore) that capable of texturing up to 1000x1000 mm2 area with a scanning speed of up 
to 7000 mm/s using galvo application. Two types of hatch patterns illustrated in Figure 2 with 
variations hatch spacing and laser fluence were employed in this experimental work after 
conducting a series of preliminary trials. Fixed laser parameters included an average power of 50 
watts, a power density of 84 kW/mm2, a duty cycle of 30%, a laser beam diameter of 50 μm and 
beam overlapping of 99%. Throughout the experiment, the laser beam was focused on the top 
surface of the coated samples with a processing speed of 20 mm/s. Meanwhile, two levels of laser 
fluence were varied resulted from the pulse duration of 5 µsec (60 kHz; 212.2 mJ/mm2) and 3 
µsec (120 kHz; 424.4 mJ/mm2). Figure 2 illustrates the schematic figure of how the experiment 
was executed using a fiber laser machine.  

Using a Full Factorial method, a total of eight experimental runs were performed with 
variations parameters (in Table 2) to evaluate the effect of each laser parameter on surface 
wettability, surface energy and surface topography. After the laser texturing process, the modified 
samples were cleaned using IPA and distilled water using an ultrasonic bath for 5 minutes each.  
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Figure 1: Experimental methodology for laser texturing of glass. 

 
Table 2 : Laser texturing parameters. 

Laser 
Parameters 

Code Units Low High 

Hatch spacing A μm 60 500 
Laser fluence B mJ/mm2 212.2 424.4 
Hatch pattern C  Line Hatch Cross Hatch 

 
2.3 Characterization 
 
2.3.1 Contact Angle Measurement 

Surface wettability was measured using the sessile drop test setup, which include a gas-tight 
threaded plunger syringe (1001 Luer Tip, HamiltonTM, USA) equipped with a hypodermic needle. 
A 6 μL droplet of distilled water was used as measuring liquid at room temperature in accordance 
with ASTM D7334 standard. Three droplets were carefully placed at different locations and six 
measurements were made using ImageJTM software with the Drop Shape Analysis plugin (Stalder 
et al., 2006), calibrated using the droplet diameter method (Gunerhan & Genc Oztoprak, 2023). 
Measurements were taken after 5 seconds to stabilize the modified samples. An average value 
was calculated and determined as the final contact angle.  
 
2.3.2 Surface Energy Evaluation 

Surface energy (γs) was measured by comparing the contact angles of distilled water (Θw) and 
Diiodomethane (Θi). These two values were then substituted in two separate simplified equations 
(Eq. 1 and Eq. 2) of the Owens-Wendt-Keable (OWK) to calculate the dispersion (γd) and polar 
components (γp) of surface energy. The total surface energy of the glass was determined as the 
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sum of the polar (γp) and dispersion (γd). Surface energy calculations on the procedure are based 
on the ASTM D7490 standard with the value for its components of these liquids' energy as 
tabulated in Table 3.  
 

Table 3: Polar and dispersion components for distilled water and Diiodomethane. 
Measuring liquids Surface components (mJ/m2) 

𝛾𝐿 𝛾𝐿
𝑑 𝛾𝐿

𝑝
 

Distilled water (w) 72.8 21.8 51.0 
Diiodomethane (i) 50.8 49.5 1.3 

 

72.8(1 + cos 𝜃𝑤)/2 = [(21.8𝛾𝑠
𝑑)1/2 + (51.0𝛾𝑠

𝑝
)
1/2

] 

 

Eq. 1 

50.8(1 + cos 𝜃𝑖)/2 = [(49.5𝛾𝑠
𝑑)1/2 + (1.3𝛾𝑠

𝑝
)
1/2

] 

 

Eq. 2 

2.3.3 Surface Roughness  
Surface roughness was evaluated using a 3D Laser Confocal Microscope (OLS5000, Olympus 

LEXTTM, Japan) following ISO4287 standards. An area of 646x646 μm2 was inspected to measure 
profile roughness (Rp, Rv, Rz, and Ra). 
 
2.3.4 Surface Morphology Examination 

Surface morphologies were characterized using Scanning Electron Microscope (JSM-IT200, 
JOELTM, Japan) with magnification setup of 500 μm (35×) and 5 μm (5000×). Further investigation 
was carried out using Energy Dispersive X-ray (JSM-IT200, JOELTM, Japan) to evaluate the changes 
in chemical composition. Final examinations on the surface analysis were done using Attenuated 
Total Reflection Infrared Spectroscopy (Nicolet iS50 FT-IR, ThermoScientificTM, USA) with a 
wavelength range of 500 – 4000 cm-1. Figure 2 illustrates the experimental methodology.  
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Figure 2 : Schematic illustration of the laser texturing process with variations on hatch pattern.  
 
  
3.0 RESULTS AND DISCUSSION 
 
3.1 Surface Wettability 

The surface wettability of the modified sample showed drastic changes in water contact angle, 
particularly on samples textured with a 60 μm spacing, with three of these samples transformed 
to a hydrophobic state. Pristine glass exhibits a water contact angle of 33.89°, aligned with the 
result reported by Dinh et al. (2020) and Soldera et al. (2021); the transformation from 
hydrophilic to hydrophobic demonstrates the effectiveness of laser texturing in modifying 
the surface wettability of soda lime silica glass without the use of hazardous chemicals as a 
secondary process.  

Figure 3 shows the average water contact angle for all eight modified glass samples. The 
highest recorded contact angle was 96.41°, achieved through laser texturing with a 60 µm spacing, 
line hatch pattern and operated at a laser fluence of 424.4 mJ/mm2. On the other hand, the lowest 
contact angle (37.19°) was recorded at a spacing of 500 µm with a line hatch pattern and a fluence 
of 212.2 mJ/mm2. These results indicated that the hatch spacing of 60 µm significantly altered the 
surface from hydrophilic to hydrophobic compared to larger spacings.   

Working with hatch spacing of 60 µm creates a dense lasered area, covering nearly the entire 
surface compared to larger spacing. As more beam profiles interact with the material, the result 
is more textured topography than using larger hatch spacings. This produces surfaces with 
numerous microgrooves, removing more material and forming irregular patterns as shown in 
Figure 4(a). As the spacing increases, the proportion of microgroove regions as well as the sizes 
of the pit decrease leading to a more uniform and similar periodic structure as in Figure 4Error! 
Reference source not found.(b).  
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Figure 3: Surface wettability of modified glass using laser texturing technology. 

 
Changes in surface wettability on different hatch spacing aligned with various researchers, 

who note that spacing interval has integral effects on modified glass wettability due to 
the transformation of surface topography (Cui et al., 2024; Dinh et al., 2020; Liu et al., 2024; Q. 
Wang et al., 2023; Zhou et al., 2024). These findings suggest that the formation of microgrooves 
on the laser-textured surface creates multiple air traps (Figure 5), preventing water penetration 
into the microgrooves (X. Li et al., 2023; Liao et al., 2023; Liu et al., 2024; Nguyen et al., 2021; Q. 
Wang et al., 2023). Denser microgrooves and deeper micro pits enhance the hydrophobicity of the 
surface, leading to a Cassie-Baxter non-wetting state; where the water droplets have difficulty 
penetrating the gaps. These miniature surface structures store air as a cushion layer between the 
glass substrate and water droplet (Liao et al., 2023). 
 

  
(a) (b) 
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Figure 4: Comparison of microgroove density on laser textured glass; (a) 60 µm crosshatch 
spacing; (b) 500 µm line spacing. 

In contrast, larger spacing intervals reduce the air-trapping effect, allowing water droplets 
penetrate the microgroove and stay pinned on the sample surface (Nguyen et al., 2021; Q. Wang 
et al., 2023). Reports from Lin et al. (2018), Q. Wang et al. (2023), Zhao et al. (2022) and Jing et al. 
(2022) concluded that the threshold value for hatch spacing ensures the transformation of 
surface wettability into more hydrophobic regions.  
 
 

 
Figure 5: Formation of multiple air traps on high-dense microgrooves. 

 
3.2 Surface Energy 

A negative interaction between water contact angle and surface energy is evident in Figure 3 
Surface energy is clustered in two segments; one for the 60 µm and one for the 500 µm spacing. A 
significant reduction in surface energy occurred in sample textured with smaller spacing 
compared to pristine glass, which measured at 64.54 mJ/m2 (Hejda et al., 2010; Moreno Baqueiro 
Sansao et al., 2021). Texturing at 60 µm intervals reduced surface energy by approximately 35 
mJ/m2 (water contact angle, ϴw = 94.7°), while texturing at 500 µm resulted in a reduction of 
about 1.96 mJ/m2 (ϴw = 37.2°). This negative interaction (Figure 6a) reflects the lower surface 
wettability due to the reduction in surface energy that prevents water droplets from adhering to 
the surface. This causes the water droplet to remain semispherical and prevents full penetration 
of the formed groove from the laser texturing process.  

The reduction of polar energy components associated with the oxygen content in the modified 
glass contributed directly to lowering the surface energy, thus increasing the water contact angle, 
as illustrated in Figure 6b. Studies by Parvate et al. (2020), Sui et al. (2022) and Vieira et al. (2020) 
confirmed that the reduction of the polar energy component enhances the water-repellency effect. 
Since water is a polar molecule, reducing the polar molecule and polar energy inhibits water’s 
ability to pin to the surface (Ahmad et al., 2018). Meanwhile, dispersive or non-polar components, 
which do not react with the oxygen content on the surface, exhibited only minor variations. Figure 
7 displays the polar and dispersive components of surface energy for laser-modified soda lime 
silica glass. 
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(a) 

 
(b) 

 
Figure 6 : (a) Negative correlation between surface energy and water contact angle and (b) 
Interaction between polar components, surface energy and surface wettability. 
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Figure 7 : Polar and dispersive components of surface energy for laser-textured glass. 

 
3.3 Surface Topography 

The surface topography was evaluated based on profile roughness, as described by the 
standard mentioned earlier. Figure 8 presents the measured values for Rz, Rv, Rp and Ra for 
modified samples with variations in laser texturing parameters. In general, all roughness values 
were higher while working with a spacing of 60 µm compared to 500 µm. The denser topography 
created by the smaller hatch spacing contributed to the higher roughness value, which in turn, 
influenced surface wettability. With more cavities formed, the air was stored in the grooves, 
creating an air cushion between the liquid and the solid substrate. 

The result showed Rz values ranging from 23.31 µm to 45.46 µm when texturing with a 60 µm 
spacing; meanwhile, values ranged from 1.74 µm and 2.49 µm for samples processed with  500 
µm spacing. These integral effects responded well with the theory mentioned by various authors, 
which concluded that larger spacing increases the water adhesion effect, thereby improving 
surface wettability (Arbain et al., 2024; Dinh et al., 2020; Lin et al., 2018; Ouchene et al., 2023; 
Yang et al., 2020). For instance, Lin et al. (2018) reported that a 30 µm spacing yielded a 
hydrophobic surface with chemical post-treatment on 1 mm thickness silica glass. Meanwhile, 
Liao et al. (2023) found that an optimal interval of 60 µm was needed to achieve hydrophobic 
effect on a commercial soda lime silica glass. 
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Figure 8: Profile roughness corresponding to water contact angle at different laser texturing 
parameters. 

 
Figure 8 shows that an Ra threshold value of 1 µm significantly increases the wettability of 

soda lime silica glass, shifting it towards hydrophobic behaviour. The roughness range of 0.935-
4.45 µm (at 60 µm spacing) responds to the higher water contact angles. In contrast, an Ra value 
below 0.385 µm results in minimal wettability transformation on the modified glass. These 
findings support the hypothesis that surface roughness profiles impact the wettability of laser-
textured glass (K. Li et al., 2022; X. Li et al., 2023; Ouchene et al., 2023). 

The range of Rz value in the current results aligns with previous works, as modified surface 
responses can vary significantly. For instance, quartz coated with perfluorodecyltriethoxysilane 
experienced a reduction of water contact angle when microgroove depth exceeds 3.5 µm (Zhao et 
al., 2022). As for ultra-white glass, a microgroove depth greater than 26 µm is required to alter 
surface wettability (Jing et al., 2022). Additionally, a 1065 nm picosecond laser can reduce the 
surface wettability of 1mm thickness quartz coated with polytetrafluoroethylene films where Rz 
needs to exceed 28.5 µm (Gao et al., 2022).  

The relationship between laser texturing parameters and surface topography is illustrated in 
Figure 9. A similar trend occurred for peak and valley formation as smaller hatch spacing 
generates a slightly higher value indicating that a rougher profile was produced. This 
experimental work also recorded a positive interaction between laser fluence and surface 
topography.  Pulsing energy affects the formation of microgrooves as bigger pulse energy creates 
deeper grooves. In terms of hatch pattern, both selected patterns do not greatly influence the 
formation of microgrooves as these parameters depend on factor A (hatch spacing) and factor B 
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(laser fluence). Figure 10 compares stacking profiles of microgroove formation at 60 µm and 500 
µm spacing, emphasizing variations due to different laser processing parameters. 
 

   
(a) (b) (c) 

Figure 9: Relationship between surface topography and laser texturing parameters; (a) maximum 
profile peak height, Rp (b) maximum profile valley depth, Rv; (c) maximum profile height, Rz. 
 

 
Figure 10: Stacking roughness profile comparison for laser textured soda lime silica glass with 
different laser processing parameters. 

 
Correlation between glass surface parameters and surface energy reveals that quadratic 

interaction for these parameters in determining the transformation of surface wettability (Figure 
11). This result aligned with Young’s Model and the results from various research as mentioned 
in the previous section. The reduction of surface energy depends on the changes in surface 
topography and chemical composition (Gunerhan & Genc Oztoprak, 2023; Mishra et al., 2023).  
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Notably, the sample with a high value of roughness exhibited lower surface energy, which 
correlated with higher water contact angle. The reduction of surface energy is likely due to less 
contact surface between the glass and water droplet with the support of the depletion of chemical 
composition that has a water attraction effect. 

 

 
Figure 11: Correlation between surface energy and glass surface parameters. 

 
3.4 Surface Morphology 

Surface morphology is a critical factor in determining surface wettability, as it affects both 
surface roughness and chemistry (Ibrahim et al., 2022; Peethan et al., 2023). Laser processing of 
soda lime silica glass resulted in rapid changes to the surface chemistry due to the thermal effect, 
which influenced surface energy (Arbain et al., 2024; Gunerhan & Genc Oztoprak, 2023; Hong et al., 

2024; Jothi Prakash & Prasanth, 2021; Mishra et al., 2023). Changes in composition and molecule 
bonding on the modified glass surface reacted to the surface wettability can be seen in Figure 12 
and Figure 13. 

From ATR-FTIR analysis in Figure 12, a reduction of Si-O-Si peaks at 764 and 1040 cm-1 was 
detected. These respond to a decrease in the SiO2 asymmetrical and symmetrical stretching 
vibration thus lowering the bonding intensity (Arellano-Galindo et al., 2022; Junaidi et al., 2017; 
Kumar et al., 2023; Z. H. Zhang et al., 2018; Zhong et al., 2022). As SiO2

 bonding intensity is related 
to hydrophilic properties, reducing this bond facilitates the transformation to a hydrophobic state. 

Additionally, a reduction in oxygen bonding at 3336 cm-1 wavelength represents a decrement 
in the hydroxyl functional group. This reduction occurred due to localized heating from the laser 
beam that modified the bond and reduced the intensity of the glass hydroxyl group. Since the 
hydroxyl group is crucial in glass hydrophilicity, its reduction leads to a more hydrophobic surface 
(Aono et al., 2016; Deng et al., 2023; Khan et al., 2021; Ouchene et al., 2023; Yusuf et al., 2022; Z. 
H. Zhang et al., 2018). This theory was used in chemical processing as a secondary process to 
remove the exposed OH functional group on the glass surface thus creating a superhydrophobic 
glass.  

The reduction in oxygen content of modified glass influences their hydrophobicity. Figure 13 
presents the percentage composition of laser-textured soda lime silica glass from EDXs analysis. 
A significant reduction of oxygen content is observed on samples with high water contact angles. 
Although glass is composed primarily of oxide-based material, the abundance of oxygen content 
is still available as this atom bonded with other natural elements as non-bridging oxygen. The 
reduction of hydroxyl groups, which contain oxygen is further confirmed by ATR-FTIR results.  
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Figure 12 : ATR-FTIR spectra in the range of 500 – 4000 cm-1 for pristine glass and laser textured 
glass.  
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Figure 13: Changes in element composition of modified glass. 

 
The interaction between oxygen content and surface wettability in laser-textured soda lime 

silica glass is illustrated in Figure 14. A negative correlation is observed between oxygen content 
with water contact angle, with an inverse effect on surface energy. Oxygen is an ionic polar 
element that plays a significant role in the interaction between the glass surface and water droplet. 
Joy & Kietzig (2023) suggested that reduction in polar energy especially on hydroxyl ions reduces 
the surface polarity thus creating a more hydrophobic surface. The observed reduction in polar 
energy through laser texturing is noteworthy, as most research has relied on fluorinated-based 
compounds as low surface energy agents due to their non-polar chemistry (Alves & Sousa, 2024). 
Additionally, a slight increase in the Si percentage content, as shown in Figure 13, results from the 
reduced oxygen content in the Si-O-Si bond. 

Visual inspection of the modified glass showed that certain parameters led to microcracks 
formation (as in Table 4), with chipping particularly noticeable along the laser beam path. 
Multiple cracks with heavy concentric and radial propagation were observed on the samples with 
60 µm spacing attributed to unresolved heat and thermal differences on the glass surface. A 
similar pattern of crack formation was observed in samples exposed to either 212.2 mJ/mm2 or 
424.4 mJ/mm2, as illustrated in Table 4. Despite the laser pulse energy within the threshold value 
of soda lime silica glass, operating at 60 µm spacing introduced uncontrolled compressive stress 
and tensile stress at both the surface and subsurface levels (Najwa et al., 2024; Shin & Nam, 2020).  
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Figure 14: Interaction between surface wettability and oxygen content of soda lime silica glass. 
 

Meanwhile, only a small microcrack occurred at the laser beam path with nanoscale radial 
crack propagation toward the non-beam area at 500 µm spacing with 424.4 mJ/mm2 laser fluence. 
These cracks occurred due to the high thermal sensitivity of glass, especially soda lime silica glass 
(9x10-6/K) which is higher compared to other types of glass. Thermal expansion and contraction 
strains induced by laser plasma resulted in the formation of cracking (Nategh et al., 2021; Pan et 
al., 2017). Observation in Figure 15 shows that the formation and size of bubbles within the laser-
textured glass are affected by laser irradiation and hatch spacing. The presence of bubbleAl 
formation suggests vaporization, which is a primary source of crack formation (Shin, 2019). A 
crack-free textured glass was found at samples 212.2 mJ/mm2 with 500 µm spacing as the heat 
from the laser beam was effectively absorbed by the modified glass, minimizing thermal 
differences due to the larger spacing. 

Although microcrack from laser processing on glass has been a major challenge in modifying 
glass wettability, it can resolve by reducing the energy density and increasing the hatch spacing. 
Concurrently, minimum energy and accurate roughness are required to produce microgrooves 
and texture on the glass. 
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Table 4: SEM images and 3D topography of laser irradiated areas with variation in hatch pattern, 
spacing and laser fluence. The triangle in the figures indicates the cracks propagation across the 
scanning direction, the circle denotes the cracks propagation along the scan direction while 
the square represents a combination of radial and concentric cracks. 
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(a) (b) 

Figure 15: Bubbles formation at crack propagation area with yellow arrow micro bubbles and 
green arrow denotes nano sized bubbles; (a) 60 µm cross hatch spacing; (b) 500 µm line spacing. 

 
 
CONCLUSIONS 

In this work, the modification of soda lime silica glass wettability without using any hazardous 
chemical as a secondary process was investigated. The discovery using the laser texturing process 
reveals that changes in surface topography and surface chemistry have a significant effect on the 
glass wettability. Surface wettability was evaluated as a response to variations of hatch spacing, 
pattern and laser fluence. Surface wettability was found to interact with surface topography and 
surface chemistry. On the basis of current findings, it can be recognized that reducing the hatch 
spacing significantly affects the surface topography and surface chemistry thus transforming 
hydrophilic soda lime silica glass into hydrophobic properties.  

A higher water contact angle was recorded while working at smaller spacing as this influenced 
the surface topography, surface energy and surface chemistry. The formation of multiple 
microgrooves changes the surface energy and surface chemistry. With the ability to achieve up to 
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96° water contact angle, a bright prospect on tuning the wettability of glass using laser processing 
method.  

In future, a study on light transmissibility is recommended to ensure the transparency of glass 
after modifying its wettability for applications like window panels and windscreens. Tailoring 
wettability at dedicated areas on the substrate for functional applications such as high-rise 
building windows, vehicle side mirrors and solar panels could be beneficial to extend the basic 
function of glass nowadays. Overall, this work paved the way for modifying hydrophilic glass to a 
desired wettability without the usage of hazardous chemicals and adaptation to new emerging 
technologies. 
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